distinction from these two species. In a recent communication Penfold, Woodcock, and Drew' have described a method by which they have succeeded in causing the excystation of Entamnceba histolytica, but they also state that they have been unable to keep the excysted amoebee alive for more than a comparatively short time, forty-two to forty-four hours as a maximum. They ascribe this failure to obtain a successful culture to the rapid growth of bacteria in their preparations, derived from the faecal matter not got rid of in the washings to which the cysts were subjected. The injurious influence of the products of putrefactive bacteria has, indeed, been already shown experimentally' with cultures of amoebae of the lirnax type. We have therefore since then devoted a considerable amount of time to the attempt to devise a method of completely separating the cysts from the fecal matter contained in the stools.
Such a separation as we have just mentioned 4aas not, so far as we are aware, been accomplished by anyone in the case of amoeba cysts, but a modification of Bass's method of concentration described by Cochran3 has very nearly achieved it for helminth ova. This method consists in the preliminary emulsification of the faeces in water, and then centrifugalization, after which the supernatant water is poured off, and the centrifuge tubes filled up with a 42,5 per cent. solution of calcium chloride in water, well shaken and re-centrifuged, when the eggs rise to the top of the tubes, away from the faeces and almost free from contamination.
On trying this method with Entamacba coli cysts, we found that the cysts are far too fragile to withstand the osmotic currents set up by the concentrated solution, and incontinently crumple up; and a number of other chemical substances which we have tried, such as syrup, glycerine, and albumin, have given precisely the same results, so that we feel that there is probably no specific gravity method of differentiation between cysts and feces which will avail for entamcebe, nor has any other method that we have yet found enabled us to achieve the complete separation of cysts and debris. We have, however, obtained a very considerable measure of success by the methods detailed below, and we are now able to obtain the cysts practically free from bacteria, and from the major part of the faces.
The principal part of the experiments which we have carried out in ins'estigating this method has been done with faeces infected with Entamaeba coli cysts, of which a constant supply has been available to us, but a sufficient series of determinations has been made with histolytica-infected material and with Lamblia infections, to show that it is equally applicable to these species, and we see no reason to suppose that any protozoal cysts would not be equally easily concentrated by it.
The technique of the method used to obtain a maximum concentration of the cysts is given first; subsequently we describe a method by which we have obtained a relative concentration without the use of any chemicals (which might possibly injure the cysts for cultivation purposes) ; and, finally, we describe a counting method which was devised to confirm the results of our concentration experiments.
(I) THE MAXIMUM CONCENTRATION OF THE CYSTS FOR DIAGNOSIS.
A lump of faeces, which should be at least 1 grm. in weight, is shaken up with about 30 c.c. of normal saline (0 8 per cent. solution of NaCl) per gramme of fwces for a sufficient time to disintegrate the mass into individual particles, and thereby form an emulsion which will only settle very slowly. This is best done on a mechanical shaker in a large flask or bottle of a capacity of at least four times the amount of fluid to be shaken, and we have found it necessary, in order to obtain the best results, to continue the shaking for a minimum of half an hour.
The emulsion is then poured into a separating funnel and shaken up, by hand, for half a minute with 10 to 20 per cent. of its volume of ether (ordinary methylated ether is perfectly suitable for this), after which the mixture is allowed to stand for a minute or two in the funnel until the two liquids have separated. The faecal d6bris absorbs ether and consequently becomes lighter than water, and, when separation is complete, lies in a mass at the top of the saline, immediately below the excess of ether. The cysts are not affected by the ether, and consequently remain in the saline beneath.
The saline fluid is then drawn off from the separating funnel, and is centrifuged at a slow speed for two or three minutes, the precise time MH-la required necessarily depending upon the rate of centrifugalization and the sizes of the tubes. By this means the cysts will be brought down to the bottom of the tubes with the comparatively slight amount of fecal matter not taken up by the ether.
For ordinary diagnostic purposes the concentration now effected, which should be some fifteen times as rich in cysts as the original material, will be found adequate, but, if desired, a still greater proportion of cysts can be obtained by decanting the supernatant liquid an(d filling up the centrifuge tubes with normal saline, shaking thoroughly, and submitting the tubes -to fractional centrifugalization, the material brought down in the first ten seconds being discarded, and the whole time of centrifuging curtailed by half. By repeating this process two or three times the maximum concentration is obtained, and the debris still remaining consists almost entirely of particles of practically the same size as the cysts themselves.
The above is a concise account of the method and its results. We append a series of notes on the various processes. It is desirable, where possible, to take a fairly large mass of faeces for concentrating, since there appears to be considerable variation in the number of cysts present in different parts of the same stool, and one of the special advantages of a concentration method is to minimize the risk of missing cysts not equally distributed.
The period given for mechanical shaking may seem extraordinarily long, but our experience is that unless the various particles of faecal matter are thoroughly washed off from the cysts the latter are removed with their adhering particles by the ether, and consequently do not appear in the final deposit. In fact, test experiments, differing only in the length of time the feeces were shaken with saline, showed at least twice as great a proportion of cysts in the final deposit after thirty mninutes' shaking as after fifteen minutes; and while in the latter case examination of the material removed by the ether showed a considerable proportion of cysts, they were almost entirely absent from it in the material shaken for thirty minutes. This length of time may, however, need to be modified in accordance with the character of the stool to be examined; our own investigations have been principally made on formed or sub-formed stools.
We have employed tap water, distilled water, and normal saline for emulsifying the feces, and we think that saline is preferable. Whatever the method used, we have very frequently found that a considerable number of cysts have shown what we regard as osmotic collapse, their protoplasmic contents being withdrawn from the cyst wall and collected into a spherical mass about half the diameter of the cyst, but we are unable at present to determine the precise causes which have produced this result, as both the occurrence of the phenomenon is irregular and the proportion of cysts affected has varied very considerably under the same conditions. We find, however, that there tends to be a smaller proportion of cysts showing this effect in emulsions for which normal saline has been used than in tap water or distilled water emulsions from the same faeces and prepared concurrently under identical conditions. The ether employed subsequent to emulsification may be to some extent responsible, hlut we have more than once observed collapsed cysts in material which has not been treated with ether. In our experience this collapse does not interfere with the identification of the cysts, and we have never seen it save in Entanm3ba coli.
We find that the proportion of the material removed by the ether varies considerably with the character of the stool used, but with an ordinary formed stool at least 90 per cent. of the weight of faeces employed is extracted. To give a concrete example, 10 grms. of faeces were emulsified, treated with ether, and centrifuged in tubes of known weight, and the deposit, after pipetting off the supernatant fluid, weighed 0595 grin.
Should the faeces contain fruit pips or other large heavy particles not removed by the ether it is advantageous to transfer the fluid, after treatment with ether but before centrifuging, to a tall test-tube or similar vessel and to permit the heavy particles to settle for a minute before decanting into the centrifuge tubes. The cysts themselves settle very slowly, and it has been found that the proportion which fall to the bottom with the large particles in one minute is negligible.
The time which we have found most suitable for centrifuging with 15 c.c. tubes is either one and a half minutes at 1,200 revolutions per minute or two and a half minutes at 600 revolutions per minute. This will bring down practically all the entamoeba cysts from the fluid, but only a small proportion of the bacteria present come down in this length of time. In the case of lamblia a more thorough centrifuging is needed to bring down all the cysts.
The special advantages which this method possesses for diagnosis are obvious. The cysts are much more easily noticed and far more easily identified in the concentrated material than in preparations from untreated faeces. The saving of time spent in the examination of scanty or doubtful infections is considerable, and the concentrate from a comparatively large mass of stool can be examined in a short time; there is, further, the added advantage that the possible errors attendant upon the examination of a single loopful of fieces are almost wholly eliminated. This is especially useful in the case of suspected infections in which the ordinary preliminary examination has given a negative result, and we think the method will also prove to be of great value for the final examination of carriers and of apparently cured cases before discharge. An illustration is given ( fig. 1 ) of the appearance under the low power of a field from a concentration prepared in this manner. A count of the original fasces, from a smear made in the ordinary way without concentration, gave forty-eight cysts in 117 fields; under the same lens after concentration there was hardly a field to be found in which there were not a dozen cysts, and the average numlber per field was between sixteen and seventeen.
(II) THE RELATIVE CONCENTRATION OF CYSTS FOR CULTIVATION.
We feel that there are distinct disadvantages in the use of ether for treating material to be employed for cultural purposes, as the prolonged contact of the cysts with ether and with ether-saturated water may easily have some deleterious effect, and we have consequently devised a method of concentration which does not require chemicals. The first attempt to effect this was made by filtering an emulsion of faeces in water or normal saline through very fine silk cloth, some varieties of which show microscopically a mesh which is but little larger than an entamoeba cyst. It was hoped in this way to remove all particles larger than the cysts, but in practice the meshes became clogged so rapidly with debris that no filtrate was obtainable, even with the aid of a pressure pump. The smallest mesh which can be employed satisfactorily for the filtration of faecal emulsions is about 40 1 i in diameter, and the method by itself is of little value for concentration purposes. Combined, however, with subsequent centrifugalization it forms a ready means of obtaining a large proportion of the cysts free from all particles save those which approximate in size to that of the cysts, the larger fragments being held back in the deposit on the silk and the minuter debris remaining suspended in the tubes after centrifuging.
It was found, however, that no modification of this method would give so large a proportion of cysts to debris as the ether method described above, and estimations of the number of cysts per gramme of stool, as determined from the deposit in the tubes by our method of counting, showed that they were considerablv less than the actual number present in the untreated faeces, a considerable number having been lost during the treatment, so that the concentration was only a " relative " one-i.e., with respect to the nature of the accompanying debris.
As finally adopted, our method follows in most respects that used by Penfold, Woodcock, and Drew, but as it differs in certain points of importance we think it desirable to give it in full, especially in order to emphasize the necessity of these or similar measures when undertaking any routine work in an endeavour to cultivate entamcebee.
Ten grammes of fseces are shaken with 100 c.c. of normal saline in a bottle or flask on a mechanical shaker for five minutes to obtain a uniform emulsion. This is poured on to a layer of fine silk whose mesh is of the size mentioned above, and which is stretched on a tambour (such as is used by milliners), and the emulsion is gently and continuously stirred with a glass rod to prevent the clogging of the meshes of the silk. The residue left on the filter consists chiefly of large lumps and stringy matter, and is discarded. It contains only a small percentage of cysts, which can be still further reduced, if required, by washing. The filtrate (or a portion of it) is then centrifuged for one minute at a speed of 1,200 revolutions per minute, the supernatant liquid poured off, and the volume rrade up again with nornmal saline. The tube is then well shaken, and again centrifuged as before. This process is repeated until the supernatant liquid is almost clear. Finally the deposit is shaken O 4 @~~~F IG. 2.
All visible particles and a four-nucleate cyst of Entarneba coli in one field of an emulsion prepared by the method of relative concentration for cultivation experiments. (High power: x 275.) with 10 c.c. of normal saline and is allowed to stand for a few minutes. The upper portion is then poured off and is thoroughly centrifuged, and loopfuls of the deposit are used to make hanging-drop preparations for culture experiments. An illustration (fig. 2 ) is given of a high-power view of the appearance of cysts and debris in such a preparation.
By this means cysts are obtained which have been thoroughly washed free from toxic bacterial products, acid substances, and other deleterious matter present in the original faeces. The cysts can be found easily with low powers of the microscope, and are not subsequently lost, even though it is necessary to keep the preparations for several days in the incubator. Amacba liniax cysts submitted to this process have been subsequently cultivated without difficulty, and were evidently unaffected either by the shaking or the centrifugalization.
It must be noted that the length of time and the speed of centrifuging considerably affects the percentage of cysts in the final deposit; and we have selected one minute at 1,200 revolutions per minute as giving the best practical results. Apparently about two minutes is required to carry down all the cysts, but a much greater proportion of the finer particles of fe?cal matter and bacteria accompanies them than when centrifugalization is confined to the shorter time. An additional method of removing any large particles that may still be present is afforded by centrifuging for fifteen seconds at 600 revolutions per minute, decanting the fluid into other centrifuge tubes and re-centrifuging for one minute at 1,200 revolutions per minute; the larger particles are brought down during the preliminary fifteen seconds with but a very small proportion of the cysts, and this process, repeated four times, results in the larger debris containing only one-tenth of the proportion of cysts present in the original faeces.
We have not been able to separate the cysts from debris to any further extent except by picking off a single cyst in a capillary tube, which is a comparatively simple matter in the case of Entamnceba coli, and has been done repeatedly in our experiments.
(III) METHOD FOR COUNTING ENTAMI(EBA CYSTS IN STOOLS.
In the Lancet of June 10, 1916, Miss Annie Porter' described a method of counting lamblia cysts in stools by means of a Thoma-Zeiss haemacytometer. Finding the volume of the chamber too small for counting entamoeba cysts, owing to their comparative scarcity-viz., about one cyst per 400 squares in an ordinary degree of infection-we devised the following method, which is described in the stages in which it is carried out A uniform emulsion of 10 grms. of stool (selected from several different portions of the bulk) is made in 100 c.c. of normal saline (i.e., 10 per cent. weight/volume) by shaking on a mechanical shaker for ten I " An Enumerative Study of the Cysts of Giardia (Lamblia) intestinalis in Human Dysenteric Faeces," Lantcet, 1916 Lantcet, , i, p. 1166 minutes. All soft masses are broken up in this way, and the sediment which falls consists only of gritty particles, the so-called "false sand," which mX,roscopic examination shows to contain no cysts. A capillary pipette is made and is calibrated to deliver 20 c.mm. in a length of about 2 in. It is provided with a rubber teat. It is well to have several of these pipettes ready to hand, so that successive counts can be made with a dry one without any unnecessary delay. The pipette supplied with Gowers's hoemoglobinometer, and other similar ones which are on the market, can be used for the purpose, but they have a somewhat narrow bore and frequently become clogged with debris. There is little risk of any cysts being retained in a pipette made according to the above instructions when the mixture is blown out: in fact, we have not yet found a single cyst in the washings out after use. Several glass fe 8 T la FIG. 3. Diagram to show the method of counting entamceba cysts in stools. The edges of the large drop of 20 c.mm. of faecal emulsion are indicated by the thick irregular line, and all cysts in this drop are counted with a low power. (x 11.) slides, 3 in. by 12 in., having been prepared with a ring of vaseline 1 in. ia diameter, a measured volume (20 c.mm.) of the emnulsion of faeces is drawn into the pipette and is placed in the centre of the ring. A coverslip ruled in squares, such as is used with Bottcher's slides, is then allowed to fall gently, with the engraved face lowermost, flat on to the drop of emulsion, and, if necessary, is pressed down to diminish the depth of the layer of liquid. The count is made with a low power. The cysts which happen to be in any portion of the drop which extends beyond the squares are easily counted, and are indicated in the count by the letters A, B, C, &c. The squares themselves are numbered as shown (the reverse way up) in the diagram (fig. 3 ).
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We have made sufficient experiments to establish the utility of the method nor counting entamceba cysts in freces, and we see no reason why its employment should not be extended, with such modifications as are found necessary, to the counting of other protozoa, either in their natural surroundings or under different conditions of cultural environment.
It has been pointed out to us by Sir Ronald Ross that in counting methods there are considerable statistical errors, the magnitude of which depends, roughly in an inverse ratio, on the actual number of things counted. Thus it is necessary to count a fairly large number of cysts in order to reduce the error to a reasonable percentage, and the present method has been devised to render this possible. The statistical tables compiled by Ross and Stott' show, for example, that if only sixty-eight cysts are counted the probability is nine to one that the error does not exceed 20 per cent., and that, if the error is required to be within 10 per cent. 271 cysts must be counted. It is advisable, therefore, to use an emulsion for counting purposes as thick as possible, consistent with ability to recognize the cysts without difficulty. For counting Entamceba coli cysts we find a one in ten emulsion the most suitable, and in an average infection we count 100 cysts. With Entamoeba coli, as in Miss Porter's cases of lamblia infection, there are considerable daily variations in the number of cysts present in the stools, ranging in a case we have been studying fronm 1,500 to 60,000 per gramme.
SUMMARY.
(1) Methods of concentrating entamoeba cysts from faeces are described, suitable for diagnosis and cultivation experiments respectively.
(2) A very high concentration, suitable for diagnosis, has been obtained by emulsifying feces and treating the emulsion with 10 to 20 per cent. of ether. This removes the greater proportion of the faecal matter, while the cysts remain in the saline used for emulsification, and are collected by subsequent centrifugalization with but little accompanying debris.
(3) A second concentration method is described which does not necessitate the use of ether, and which is therefore more suitable for I ' Tables of Statistical Error," Ann. Trop. Med. and Parasitol., 1911-12, v, p. 347. preparing cysts for cultivation experiments. This consists of filtering the emulsion through silk, and subsequent fractional centrifugalization.
(4) The difficulties in the way of enumerating entamoeba cysts are discussed, and the method hitherto found most suitable, by means of the coverslips used with Bottcher's slides, is described.
